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BBEJAEHHUE

Kak u3BECTHO, OJHUM M3 TMEPCICKTHBHBIX HAMPABICHHUI MOBBIIICHUS YHEPTO-
3¢ (HEKTUBHOCTH KWIBIX M OOINECTBEHHBIX 3MaHHUU SIBISETCS MPUMEHEHHE MHOTO-
CIIOMHBIX OTPXTAOIMINX KOHCTPYKIHN, B KOTOPHIX BHEIIHHWE W BHYTPEHHHUE CIIOU
eJIeCO00Pa3HO M3TOTABINBATh U3 TOHKOCTCHHBIX OCTOHHBIX AJIEMEHTOB C BBHICOKHM
KauyeCTBOM Hapy)KHBIX TOBEpXHOCTEH. B pe3ynbpTaTe aHamm3a MHUPOBON CTPOUTEIH-
HOW MPAKTUKH yCTaHOBJICHO, YTO Hanbolee d3(h(PEeKTHBHBIMU KOHCTPYKTHBHBIMU dJIe+
MEHTaMH SIBJISIFOTCSI TOHKOCTEHHBIE TUTATHI, H3TOTaBIMBACMbIE U3 JTUCIIEPCHOAPMHPO-
BaHHOTO MEJIKO3epHUCTOr0 OeToHa. B kadecTtBe puOpH MOTYT MPUMEHSTHCS MUHE-
paJIbHBIE W TIOJIMMEPHBIE BOJIOKHA. BBIOOP KOHCTPYKTHUBHBIX PEUICHUH OrpaXkmaaro-
IMX 3JIEMEHTOB ¥ TIOJ00P COCTAaBOB MEIKO3EPHUCTOTO (GHUOPOOEeTOHA OCYILECTBISICT-
Csl OIIBITHBIM MyTEeM, TaK Kak JI0 CUX MOp He pa3pabdoTaHbl METOIUKH.pacueTa Gpuodpo-
OCTOHHBIX KOHCTPYKIIMA U MPOEKTUPOBAHMSI COCTaBa-(pHuOpoOETOHA ¢ TPUMEHEHHUEM
HeMeTauinyeckod Guopel. He n3yueHo Takke BiMsiHUE nopu3aluu GudpodeToHa
MuKpochepamu 30171 yHOCa, KOTOpasi CYIIECTBEHHO MOBBIINAST TeTIOPU3NIECKUE Ka-
YeCTBa OTPaXKIAIONINX AIEMEHTOB.

B oroil cBs3m mpemaraemasi paGoTa, HampaBieHHAas Ha W3y4YeHHE (PU3UKO-
MEXaHWUYECKUX CBOMCTB MEJIKO3EPHHCTOr0 M MOPU30BAHHOTO MHUKpochepamu ¢uod-
poOeToHa, pa3pabOTKy M BHEAPEHUE HAa OCHOBE WX PE3YJbTATOB TEXHOJIOTHH MPOU3-
BOJICTBA TOHKOCTEHHBIX KOHCTPYKTHBHBIX' BJIEMEHTOB MHOTOCIONHBIX Hapy>KHBIX
CTEH, SIBISICTCS BeChbMa akTyassHOH. IIpoMBIIIIEHHOE MCIIOIB30BAaHUE PE3YNIHTATOB
paboTHI MO3BOJIUT OTKA3aThCS OT MMITOPTa COOTBETCTBYIONIUX HM3ACIUN Orpa)aaro-
UX KOHCTPYKLIMM.

OBIIASA XAPAKTEPUCTHUKA PABOTbBI

CBs3b pad0ThI ¢ KPYNMHBIMH HAYYHBIMH MPOTPaMMaMH U TEMaMHU.

TeopeTnueckne M dKCIEPUMEHTAIbHBIE MCCIEIOBAHUS MO TeME AUCCEPTALNU
MIPOBOJUIIMCH aBTOPOM B pamkax rocoromxeTHsix TeM: ['b 0604, pazgen «Ob6Gecne-
YyeHue TpeOyeMbIX IKCIUTyaTallMOHHBIX IMOKa3aTesaell MelIKo3epHUucToro puopodbeToHa
JUI TOHKOCTeHHBIX (hacamaubix 3nmemMeHToB» (Ne rocpeructpanun 2006801, cpok Bbi-
nonrenus 01.02.06 — 31.12.10); I'b 1116 pasnen «Pa3paboTka KOHCTPYKIMI U TeX-
HOJIOT MM U3rOTOBJIEHUS (PacajHbIX OJJHOCIOMHBIX U MHOTOCIIOMHBIX MMaHeNel U3 Med-
Ko3epHuctoro ¢udpoderona» (Ne rocperucrpanuu 20111323, cpok BBITOJHEHHS
03.01.11 — 31.12.15), cootBercTBytomux 1. 9.2 IlepevHs NPUOPUTETHBIX HAIPAB-
JeHuii (pyHIaMEHTATBHBIX U MPHUKIATHBIX HAYYHBIX HccienoBanuii Pecyomuku be-
napych Ha 2011-2015 ronpl, yTBepkIeHHOTO noctaHoBieHueM CoBeta MUHUCTPOB
Pecniy6nuku benapycs ot 19.04.2010 Ne 585.

O0bexkTOM HCC/IeI0BAHMI SIBISIOTCS LIEeMEHTHbIE (PUOPOOETOHBI C MEIKO3ep-
HUCTBIMU 3aMOJHUTENISIMH TIOTHOW U TOPU30BAHHOM CTPYKTYPHI.
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IIpenMeToM mccie10BaHUI SIBISIETCSA CTPYKTYPa U CBOHCTBA MEIKO3EPHUCTOTO
Y IOPU30BAaHHOTO MUKpochepamu pudpodeToHa.

Heab nccaenoBanus. Llenpro uccieqoBanmii ABIsIach pa3padoTKa TEXHOJIOTHU
MOJTyYEHHUSI MEJIKO3EPHUCTOIO0 W TOPU30BaHHOTO MHKpochepamu (pudpodeToHa C
TpeOyeMbIMU (PU3NKO-MEXaHUIECKUMH CBOWCTBAMU M TEXHOJIOTUH HM3TOTOBJICHHUS
TOHKOCTEHHBIX KOHCTPYKITMOHHBIX (DacaTHBIX 3JIEMEHTOB C €r0 IPUMEHEHHUEM.

Jist ee MOCTKEHUsT OBUIH PEIICHBI CIEAYIONTNE 3aJa Y u:

— pa3paboTaH aNTOPUTM ONTHUMH3AIMU COCTAaBa U CBOWCTB MEIKO3EPHUCTOTO U
mopu30BaHHOr0 Mukpochepamu (HuOpoOETOHA, COOTBETCTBYIOIIUX HOPMATHUBHBIM
TpeOOBaHMIM, IPEABABIAEMBIM K MaTepruaiaM GacaaHbIX OOTUIIOBOYHBIX JIEMEHTOB
HApYXHBIX CTEH 3[IaHUH, C YUETOM JAHHBIX O CBOMCTBAaX MPHUMCHIEMBIX KOMIIOHCH-
TOB M BITUSTHUS DKCIUTYaTaIlMOHHBIX ()aKTOPOB;

— pa3paboTaHbl METOAMKH OICHKH (PU3NKO-MEXaHUIECKUX CBOWCTB MEIKO3ep-
HUCTOTO ¥ MOPU30BaHHOTO MuKpochepamu GpuOpoGeToHa B TOHKAX KOHCTPYKIMOH-
HBIX CJIOSIX Ha OCHOBE IJIAaHUPOBAaHUS MHOTO(GAKTOPHOTO JKCIEPUMEHTa C y4ETOM
0COOCHHOCTEH TUTHEBOM TEXHOJIOTHH U MTPECCOBAHUS TIPU U3TOTOBICHUN W3]ICIHIA;

— YCOBEpPIIICHCTBOBaHA MOJIENIh pacueTa MOy yipyroctu ¢udpodeToHa B 3a-
BUCHUMOCTH OT COZACPX aHU U MOAYJIBHOCTH (hUOPHI TIyTEM ydeTa €€ TeOMETPUIECCKIX
napaMeTpoB,;

— MOJIYYCHBI U TIOATBEPKICHBI OKCTICPUMEHTAIBHO MaTeMaTHIECKUE 3aBUCHMO-
CTH TIPOYHOCTH HA PACTHKEHUC TIPU H3THOE MENKO3EPHUCTOTO U MOPH30BAHHOTO
mMukpochepamu GudpoOeTOHa, TTO3BOIAIIINE MPOTHO3UPOBATH €€ U3MEHEHHS B 3a-
BHUCHUMOCTH OT COCTaBa-0ETOHA, a TaKKe ONMTUMHU3HPOBATH PACXOJ KOMIIOHEHTOB;

— pa3paboTaHa TCOpeTHYECKAs MOJIENb JIJIsl pacueTa JOMyCTUMOTO YCHUITHUS TIpec-
COBaHHUS C YY4ETOM TMPOYHOCTH. CTEHOK MHUKpoc(hep B yCIOBHUSIX UX BCECTOPOHHETO
CKaTUs TPU YIJIOTHEHUH MOPH30BAHHOTO UMH OETOHA MPECCOBAHMEM, OTPaKaroIas
B3aMMOCBSI3E _yCHJIUS TIPECcCOBaHMs ¢ (HOpPMHUpPOBAHMEM oONTUMaIbHOW (Oe3nedexT-
HOW)-CTPYKTYphI MaTepHUaa,

— YCTaHOBII€HA- 3aBHCUMOCTh (PU3UKO-MEXaHHMUYECKUX CBOWCTB MOPHU30BAHHOTO
Mukpochepamu..puopodeTOHA OT €ro cocTaBa U OCOOCHHOCTEH (OpPMUPOBAHUS
CTPYKTYPBHI;

—/BBISIBJICHBI 3aKOHOMEPHOCTH, CBSI3BIBAIOIINE MEXaHU3M J1e(OpPMHUPOBAHHS U
pa3pyiucHus ¢udpoOeToHa MPHU BO3IEUCTBUM CTATUYECKOW M JTUHAMHYECKON HArpys3-
KM C'€r0 COCTaBOM, CTPYKTYPOH U CBOMCTBaMU,

— pa3paboTaHbl INTHEBASI TEXHOJIOTUS U TEXHOJIOTHSI TIPECCOBAHUS ISl U3TOTOB-
JIeHUS! OOJIMIIOBOYHBIX TUIMT U (pacaJHbIX MaHenei ¢ GuOpoOETOHHBIMU HAPYKHBIMU
CJIOSIMH, TIPOBE/ICHAa WX MPOM3BOJICTBEHHAS anpoOaiusi U OleHEHAa YKOHOMHUYECKas
3¢ (HeKTUBHOCTH pa3padOTOK.

HOJ’IO)KCHI/IH, BbBIHOCHUMBbBIC HA 3amnTy:

— YCOBEpIICHCTBOBAaHHAS TEOPETUYECKasi MOJIEIb /U OIICHKH U TIPOTHO3UPOBA-
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HUSI HAYaJIbHOTO MOJYJISI yIpyrocTu (udpoOeToHa B 3aBUCUMOCTH OT 00BEMHOTO CO-
JepXaHUsl ¥ YIPYTrUX CBOWCTB (PHOPHI, OTIMYAIOMIASCS YYETOM TOTOJHHUTEIHHOTO
napaMeTpa — COOTHOIICHHS T€OMETPHUECKHUX Pa3MEpPOB BOJOKHA, YTO 00ECreYnBaeT
MOBBIIIICHUE JTOCTOBEPHOCTH OIEHKH W3MEHEHUW MOyl ynpyroctu ¢guOpobOeToHa
1u1st GUOpHI pa3HON MOAYIBLHOCTH,;

— MaTeMaTHYeCKHEe 3aBHUCHMOCTH, BBIPAKCHHBIC aJ€KBATHBIMH YPaBHEHHUSIMHU
perpeccun, OTpaKalollie B3aUMOCBSI3b M B3aUMO3aBUCUMOCTH TMPOYHOCTH MEJIKO-
3epHHUCTOTO U MOPU30BaHHOTO MUKpochepamu hubdpodeToHa Ha pacTsKEHHUE TPU W3-
ru0e OT cofiepKaHMs MX KOMIIOHEHTOB U OOIIETO BOJIOIIEMEHTHOTO OTHOIIICHUS M TI0-
3BOJISIFOIIME TIPOTHO3UPOBATH €€ 3HAYCHHE 110 COACPKAHUIO U CBOHCTBAM KOMIIOHCH-
TOB (UOpOOETOHA;

— TeopeThdecKas MOJIelbh MPOYHOCTH 000JOYKKM MUKpochep B.yCIOBHUSIX Bce-
CTOPOHHETO C)KaTHsl TMPHU YIJIOTHEHUH MOPHU30BAHHOTO MMU OETOHA HPECCOBAHUEM,
OTpa’karolasi B3auMOCBSI3b MEX/Ty BO3HUKAIOIIUMU YCHITHSIMH MPECCOBAHUS U CBOM-
CTBaMH MHUKpocdep: MPOYHOCTHIO MaTepuaia WX CTCHOK W QTHOLICHUEM TOJIIMHBI
CTCHKH K BHEIIHEMY TUAMETPy MHUKpPOCQEpbl, MO3BONMBINAS ONPEACITUTH YCIOBUS
(bopMHpOBaHUs ONTUMAIIBHON CTPYKTYphL HOPU30BaHHOI'O MUKpochepamu Gpudpobde-
TOHA TIPY TPECCOBAHUH U JJOKa3aTh BO3MOXKHOCTH MCHOIB30BaHUS 3HAUCHUS MTOKa3a-
TEJSI IPOYHOCTH MUKpochep MpH CHKATUM B IIIUHAPE B Ka4eCTBE BEPXHEH Mpeieib-
HOW TPaHUIIBI JABICHUS IPECCOBAHUS MTPH POPMOBAHUN U3/IEIHA;

— YTOYHEHHE MeXaHu3Ma JeopMUpOBaHUS U pa3pylieHus ¢udpodOeToHa, co-
IJIACHO KOTOPOMY BBICOKOMPOYHAs CBSA3h MOBEPXHOCTH CHUHTETHUYECKON (PHUOPHI ¢
MaTpHUIllei TPOTUBOACUCTBYCT YIPYTOMIACTHUECKOMN AedopMaIiii BOJOKHA TIO JIJTHHE
U MIPUIAET pa3pylIeHNIO XPYIKHH XapakTep, YTO MO3BOJSIET, KOPPEKTUPYS CBOWMCTBA
KOHTaKTHOM 30HBI «MATPUIA-BOJOKHO» C I[€bI0 YMEHBIIECHUS CUJT CLEIIeHus, obec-
MEYNBATh YCIOBHS NJISL PACTHKEHUST (GUOPHI U PETYINPYEMOTO «IIPOCKATH3bIBAHHSI»
M0 TIOBEPXHOCTH KOHTaKTa B 30HE 00pa30BaHUS TPEIIMHBI, YTO MPHUIACT pa3pylie-
HUIO THIACTUYHBINA XapaKTep ¥ MOBHIIAECT COMPOTHBIIEHHE (HUOpOOETOHA NHMHAMUYE-
ckuM (yAapHbIM) BO3ICHCTBHUAM;

— pe3yInbTaThl YKCIIEPUMEHTATBHBIX HUCCICIOBAHUI CTPYKTYpPBI, MPOYHOCTHBIX,
yrpyro-n1eOpMaTHBHBIX M SKCILTyaTAIHOHHBIX CBOWCTB MEJIKO3EPHUCTOTO (IIEMEHT-
HO-TICCHAHOI0) M MOPHU30BAHHOIO AIFOMOCHIMKATHBIMUA MUKpocdepamu Gpudpodero-
HOB, UTOFOM KOTOPBIX SIBUJIMCH TEXHOJOTHH JUTHEBOTO (POPMOBAHUS U MPECCOBAHUS
TOHKOCTCHHBIX (6,5...10 MM) KOHCTPYKTHBHBIX 3JICMCHTOB JJIi MHOTOCIOWHBIX Ha-
DYXXHBIX CTEH 3JaHMid, oOecreunBaroniue TpedyeMble HOpMaTHBHBIE (H3UKO-
MEXaHWYECKHE CBOMCTBA pa3pabOTaHHBIX BUIOB (GHUOpOOETOHA.

JInunblii BKIaD conckaTesisi. OCHOBHBIC MOJIOKEHHUS, BRIHOCUMBIC Ha 3aIUTY,
pe3yabTaThl TEOPETUIECKUX M IKCIEPUMEHTATBHBIX MCCIEAOBAHMI, MaTepHalbl Ha-
YUYHBIX ITyOJIMKAIMA TOTYyYEHBI U MOATOTOBIECHBI aBTOPOM CaMOCTOSITENbHO. Ormpe-
JeNieHre LeJed W 3a/jad HcclieoBaHuM, 0000IIeHHe MOJYYeHHBIX pe3yJIbTaTOB U
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dbopMynUpOBaHUE BBIBOIOB IPOBOINUIOCH COBMECTHO C HAYYHBIM PYKOBOJIUTEIECM.

Anpodanus pe3yabTaToB Auccepranmuu. OCHOBHBIE MaTEepPHAIbl TUCCEPTAIIUU
JOKIIAJBIBATINCh U OOCYKIEHBI: Ha MeXTyHapOIHBIX HAYYHO-TEXHHUYECKHX KOH{]e-
permmsax «Matepuaisl, 000pyI0BaHUE U pecypcocOeperaromniue TexHoaoruu» B be-
aopyccko-Poccuiickom yauBepcutete (r. Morunes, 2007, 2008, 2009, 2010, 2011),
Ha MexayHapoanbix cummno3duymax «lIpo6iembl coBpeMeHHOro 0eToHa u kese3o0e-
toHa» (r. Munck, 2007, 2011), na X| u Xl MexayHapoaHbIX HAyYHBIX HHTEPHET-
koHpepeHusax «HoBbie MaTepuasbl U TEXHOJIOTUU B MATMHOCTPOCHUU» (T'. BpsHEK,
2010).

Ony0JIMKOBAHHOCTL Pe3yJbTAaTOB Auccepramuu. llo Teme mguccepranuu
onyonrkoBaHo 19 HayyHBIX paboT, B TOM uucie / cTaTeil B peHeH3UpYEeMBbIX JKypHa-
Jax, 6 U3 KOTOpBIX BKIHOYEeHBI B nepeueHb BAK (00bem. 3,25 aBropckux Jjimcra), 11
MaTepuaaoB KOH(epeHInii, CHMIIO3MYMOB U T€3UCOB JOKTanoB, 1 mateHT PecryOm-
k1 benapyce Ha nose3nyto mojenb. Oomuit 00beM nybaukanuii coetaniseT 6,25 aB-
TOPCKHUX JIUCTA.

CTpykTypa u o0beM auccepTaium,. J{rccepramms COCTONT U3 BBEACHHS, 00-
e XapaKTepUCTUKH PabOTHI, OCHOBHOI. YacCTH, BKIIOYAIONICH 5 TaB, 3aKIIOYCHHS,
oubnmorpaduueckoro crvcka u3 149 HauMeHOBaHWH MCHOJB30BAHHBIX UCTOYHUKOB
u 19 nanMeHoBaHui myOnMKauuid couckatens, 4 TPWIOKEHUH Ha 26 cTpaHUIAX.
Huccepranus coaepxut 146 cTpaHul] OCHOBHOIo TekcTa, B T. 4. — 103 cTpaHuIibl
MaIlIMHOMKUCHOIO TeKCTa, 59 pUCYHKOB, 16 Taduil.

OCHOBHOE COIEPKAHUE PABOTbI

IlepBasi rnaBa _conepxuT 0030p W aHATU3 JIMTEPATYPHBIX JaHHBIX B 00JIACTH
UMEIOIINXCSI KOHCTPYKTUBHBIX PEIICHUN HAPY)KHBIX CTCH 3JIaHUN U UX (DacaJHOH OT-
JENKH, 0030p M OLIEHKY DKCIUTYyaTaIl[MOHHBIX BO3JEHCTBUI HAa OOJMIIOBOYHBIC dJIe-
MEHTBI OIPaKIAIONMX KOHCTPYKIUH U 3()(HEKTUBHOCTH MPUMEHIEMBIX MaTepUAJIOB
Y TEXHOJOTUH U3rOTOBIICHUS U3/ICITHN.

CrhenaH BBIBOJ, YTO BO3pOCIINE TPeOOBaHUS K TEIUIOBOMY COMPOTUBICHUIO OT-
PaXIAOIHMX. CTeHOBBIX KoHCTpyKimil (R = 3,2...34 ™” °C/Br, a B IEPCIEKTHBE U
Oostee) Hanbosiee 3PGEeKTUBHO 00ECIEUNBAIOTCS MPUMEHEHUEM MHOI'OCIONMHBIX Ia-
HEJIeH  CBHYTPEHHUMH CJIOSMH M3 MAaTepUaOB C BHICOKUMH TEIUIOM3OJISIIMOHHBIMU
cBOWCcTBaMHU. [Ipu 3TOM I HAPYKHBIX OOJIMIIOBOYHBIX CJIOEB IEPCIECKTHBHO HC-
MOJIb30BaHNUE TOHKOCTEHHBIX JHMCIIEPCHO-aPMUPOBAHHBIX IUIMT U3 HIEMEHTHBIX 0eTo-
HOB Ha TUIOTHOM WJIM JIETKOM MEJIKO3EPHUCTOM 3amojHuTeNe (HAMOIHUTEIE), POY-
HOCTHBIC M YIpPyro-aeGopMaTHBHBIC CBOMCTBA KOTOPBIX MO3BOJISIOT MUHHMH3HPO-
BaTh X TOJIIKHY. BecbMa CyIecTBEHHBIM SBJSCTCS TO 0OCTOSATEIBCTBO, YTO CTPYK-
Typa IEMEHTHBIX OCTOHOB oOecreunBacT TPeOyeMbIil YpOBEHb Mapo- M Ta30MPOHU-
[AEMOCTH JUTS TOJACpKaHKs OJArompHsITHOIO MHUKPOKJIMMATa BHYTPH IOMEIICHHIA.
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B codetanum 3THX CBOWCTB CO CHMXKEHHEM CpeaHEl IIOTHOCTH (hubpodeToHa 3a
CYeT BBEJCHHSI B €T0 COCTaB JIETKOT'O 3arlOJHUTENS B BUJE IMOJIBIX MUKpOcdep ¢ BO-
JIOHETIPOHUIIACMBIMU CTEHKaMH (HAIpUMEp, CTCKJISIHHBIX WU aTFOMOCHUIIMKATHBIX),
MOJKHO CO3/IaTh MaTepuaj AJisi TOHKOCTEHHBIX KOHCTPYKIIMOHHBIX CIIO€B HAPY KHBIX
CTEH C BBICOKMMH (DU3UKO-MEXaHHUECKHUMH XapaKTEPUCTHKAMHU.

[To pe3ynpTaTaMm aHanHM3a MEPBOMCTOYHHUKOB OMpejesieHa HEOOXOAUMOCTh BbI-
MOJTHEHUS MCCIIEIOBAHUI MO pa3paboTKe COCTAaBOB M TEXHOJIOTUH U3TOTOBJICHUS TO-
TOOHBIX TOHKOCTEHHBIX 3JIEMEHTOB, MPEAHA3HAYCHHBIX IS IEKOPATHBHOW OTIEIIKU
Y 3aIIUTHI OT BHEIIHETO BO3JCHCTBUS (OJHOCIONHBIX MM MHOTOCIIOMHBIX) CTEHOBBIX
KOHCTPYKITUH, TaK KaK B HaIlle CTpaHe TaKkue M3Ieus He pou3BoAsaT. Heodxoanma
U aKTyalbHa pa3paboTka COOCTBCHHBIX (HE YCTYMAIONIMX IO KaUCCTBCHHBIM: XapaK-
TEPUCTHKAM 3apYOCIKHBIM) MAaTCPUAIOB U TEXHOJIOTUN MX-W3TOTOBJICHUS, HA YTO Ha-
MPaBJICHO HACTOAIIEE AUCCEPTAIIMOHHOE UCCIIEIOBAHHE.

Bo BTOpOi#i r1aBe W3NOXKE€HA METOAHMKA W TOIYYCH AJICOPUTM ONTHUMH3AIUU
CBOICTB (puOpPOOETOHA IO YCIOBHIO €r0 COOTBETCTBUS IKCITyaTallMOHHBIM TpeOOoBa-
HUSIM, TIPEABSBIIEMBIM K TOHKOCTCHHBIM' (hacafHbIM OOJHMIIOBOYHBIM 3JIEMEHTAM,
IaHO 00OOCHOBaHUE W BHIOpaHBI KOMIIOHEHTHI OETOHA €¢.yUE€TOM WX BIWSHUA Ha (op-
MHUPOBaHUE €T0 CTPYKTYPHl M CBOMCTB, HPUBEIACHBI "METOJAUKH BBITOTHEHUS KCIIC-
PUMEHTaJIbHBIX HCCIIEIOBaHUH.

CornacHo pa3pab0TaHHOMY aJITOPUTMY; OCHOBAaHHOMY Ha aHalN3€ COBOKYITHO-
cTH WHGOPMATUBHBIX MApaMETPOB. «(DHBMKO-MEXaHMYECKHE U IKCIUTyaTallHOHHBIC
cBoicTBa (huOpoOGeToHa — yEIIOBHS dKCIIyaTaluu (acaaHbIX JIEMEHTOB», B Ka4ecT-
Be HanOoJiee 3HAUMMOFQ TapamMeTpa ONTUMHU3AIMU CBONCTB 0€TOHAa B TOHKOCTEHHBIX
aJIeMEHTaX, Obllla ONpeeieHa MPOYHOCTh HA PACTSHKEHUE MPH M3rude. DTOT Mmokasa-
TeNh B TOHKHUX .CJIOSIX OETOHA IpeAoIpeNesieT ero CIOCOOHOCTh COMPOTHBIATHCS
CTaTUYCCKUM M AAMHAMHUYCSCKUM (B COUCTAHMU C YAApHOM BSI3KOCTBIO) Harpy3kam 0e3
TpenrmHooOpaszoBanus. [Ipu ycinosuu ero odecneuenust (kak 3To OyaeT MoKa3aHo Ja-
jee)y TpeOyeMblil YPOBCHD JAPYTrUX HOPMATUBHBIX XapaKTEPUCTUK OCTOHA TOCTUTAET-
Csl IyTeM KOPPECKTHPOBKH (TP HEOOXOIUMOCTH) COCTABA.

Ha ocHoBaHMu aHanM3a JUTEPATYPHBIX HCTOYHUKOB M PE3YyIbTATOB IpEIBApPU-
TEJNBHBIX AKCTIEPIMEHTOB ONpEACIICHbl MaTepPHaIbI-KOMIIOHEHTHI 0€TOHA, KOTOpBIC B
HanOobIIEH MEpe COOTBETCTBYIOT IOCTII)KCHHUIO IIETTU W PEIICHUIO 3aJad HCCIeNO-
BaHUs MO, pa3paboTKe TEXHOJIOTHH MOTYyYEHHUs MEIKO3EPHUCTOTO W TOPU30BAaHHOTO
Mukpochepamu GuOpoOeTOHA Il TPUMEHEHHUS B TOHKOCTEHHBIX KOHCTPYKTHUBHBIX
dacagHbIX dreMeHTax, ToiamuHo He 6osnee 10 mm. B coctaB gpubpodeToHa BoOILIN:
noptinaraiuement [11] 500-/10 (aktuBHOoCcTh R, ~50 + 1,5 MIla ), nonuakpruiHUTPUIIO-
BbIC BOJIOKHA «RiCemM-8», xumuueckas 100aBKa JJIsl OBBIIICHUS MEXCIOMHOM ajre-
3un «BuHHANac» (TPOWHOW COMOJIMMEp ITHJICHA, BUHWILIAYpaTa U BUHHIXJIOPHIA),
3 PEKTHUBHBIC TUIACTH(GHUKATOPHI, 3ANOJHHUTENb IUIOTHOW CTPYKTYphI (TIPHUPOIHBIN
(kapbepHBI) MECOK C MOAYJIEM KpymHOCTH My = 2,2) — /Ui JTUThEBOW TEXHOJIOTUU
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MPOU3BOJACTBA MHOTOCIIOWHBIX TTaHEJCH, 3alOoHUTENh MOPH30BAHHON CTPYKTYPHI
(amromocurkaTHbIe MEKpOchepsl 301 yHoca quametpoM 30...500 Mkm) — 1j1s1 u3ro-
TOBJICHUS TTPECCOBAHHBIX OHOCIOWHBIX TUIHT.

OnpeneneHbl METOAUKN OIIEHKM MEXaHUYECKUX CBOUCTB (prOpobOeToHa c yde-
TOM pa3padaTbIBaeMbIX TEXHOJIOTHUH €ro MPOU3BOJICTBA. JIUTHEBON U MPECCOBAHHUEM.
[To cranmapTHeIM MeTOaUKaM (CCHUIKM JaHbl B TEKCTE JMCCEPTAIlUH) OMPEACIsUIN
MPOYHOCTh Ha CXKaTue, (U3MUECKHE M IKCIUTyaTallMOHHBIE CBOWCTBa GpuOpobOeToHa.
Omnpenenenre MPOYHOCTH TpeccoBaHHOTO (UOPoOETOHA HA paCTsDKEHHE TIPU M3THOC
ocymiecTBIsun Ha oOpasnax pasmepamu 10x40x160 MM, ucnbITaHUS O ONpesese-
HUIO YAapHOM BSA3KOCTH MPOBOAMIMA Ha oOpasiax pazmepamu 10x25x70 mMm;, 1o Mme-
TOJIMKE, TPUMEHSIEMOH TPU UCTIBITAHUSIX 00pa3IIOB JIMCTOBOTO acOeCTOleMEHTA.

Tperbsi ri1aBa OTpakaeT pPe3yJabTaThl UCCIICIOBAHMMITO Pa3pa0OTKE TUTHEBOM
TEXHOJIOTHH (POPMUPOBAHHS MEIKO3EPHUCTOTO (IIeMeHTHO/Mecyanoro.= 1/2) ¢pubpo-
0eToHa, OIEHKE W ONTUMHU3AIMU €T0 COCTaBa M (HM3MKO-MEXaHHYECKUX CBOWCTB C
IEJTBIO MCTIOTB30BAHMS B TOHKUX HAPYKHBIX CJIOSX MHOTOCIIOMHBIX TIAaHEIeH.

[Tpu ob6ocHOBaHMH BEIOOpa MaTepuaia GUOPH pacCMOTPEHBI BOMIPOCHI OIICHKU U
MPOTrHO3UPOBAHUS HAYAJILHOIO MOAYJS yhpyroctu (GuOpoOeToHa Ha OCHOBE JBYX-
bazHOI MOAENTN «MEITKO3EPHHUCTHI OETOH — AUCTIEPCHO PACTIPEACICHHOE BOJIOKHO.
CpaBHUTENBHBIN aHATN3 U3BECTHBIX MOJIETIei, OCHOBaHHBIX Ha JOMYIIEHUU O Ky0O-
BUJHOM (WJIM IIAPOBHIHOM) CTPOSHUM KOMMO3MTHOTO Marepualia, MoKa3al HEeH3-
OCKHYIO TIOTPEITHOCTh BBIYUCICHUHN M3-38 YMCHBIIICHUS TIOMIAN KOHTAKTa TIOBEPX-
HOCTH BOJIOKHA ¢ OCTOHHOW MaTpulIed HMPU MEXaHWYECKOM 3aMeHE BBITSIHYTOW IM-
JUHIPUYECKON (OPMBI-BOJOKHA KyOndeckuM oObeMoM. B muccepramuu npenacras-
JIeHa aBTOPCKasi MOAEJb' OTPEICICHUsI MOTYJIsSl YIIPYTOCTH, OCHOBaHHAsI Ha JIOMYyIIe-
HUU O NUJIUHIPUUYECKON (hopMe dneMeHTapHoro o0bema pudbpobeToHa, 1uameTp mo-
MIEPEYHOTrO CeUSHUST KOTOPOTo «D>» ompeseneH u3 yciaoBUs paBHOMEPHOTO pacmpeie-
nenust puOPBLC yueToM ee reomerpuueckoro napamerpa «/d» (pucynok 1, a).

a) 0)

BeToHHas maTpuua
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a) — OTJEJIbHBII WIMHAPUICCKUI IEMEHT; 0) — COBMECTHOE JIepOPMUPOBAHHUE IIEMECHTOB

Pucynok 1 —Mogean pudpodeTona, npuBegeHHAS K IMJIHHAPUYECKOH

dubpoOeTOH MPEACTaBICH B BUJE€ COBOKYIMHOCTH HWJIMHAPUYECKUX DJIEMEHTOB
(pucynok 1, 0), coBMecTHOE ae(hOPMUPOBAHHE KOTOPHIX OMUCHIBACTCS (MPH YCIOBUHU
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U/ICaIbHOTO CLEIJICHHS MMOBEPXHOCTH (PHOPBI M MATPHUIIBI) YCPEIHCHHEM JBYX CO-
CTOSIHUN CHCTEMbI. BHEIPCHHEM 3JICMCHTA C HapajlIeIbHBIMU CBA3SIMHU B MTOTICPEUHOE
narpyxenne (E't) 1 BHeIpeHHEM dIeMEHTA ¢ IOCIEI0BATEIBHBIMU CBSI3SIMU B IPO-
nosnsHoe Harpyxenue (E'ro):

1
Efc = E ><(E11c + EH;), (1)
rIe E]IcC = Ee ;
1- \Jmys X1- Ec/(Ec +mys XEs - E¢))
E
Ef, = Ec +mg X - Ec);

1- Jmes X(1- Ec/Ef)

Ete, Ec, Bt — monynu ynpyroctu ¢ubpobetona, 0eToHHONW MaTpULbl U HUOPHI
COOTBETCTBEHHO, o5 —00beMHOE cojiepxkanue Guopshl.

[Mpennoxxennast monenb (1) sBiIsSETCS yCOBEPUICHCTBOBAHHBIM. BADHAHTOM MO-
nemn 6etona UikoBnya C.M., oTpakaeT XapakTep U3MEHEHUs] HAYaJbHOTO MOJYJIS
ynpyroctu (pubpoderona Efe ayis ¢uOpsl pa3HOr0o 0OBEMHOTO COAEpPKAHUS U MO-
AYTBHOCTH W TIO3BOJISIET BHIOpATh MAaTEPHAIL ISl TUCTIEPCHOTO apMUPOBAHUS HA CTa-
JVH TJIAHUPOBAHUSI SKCTIEPUMEHTOB.

B mporuiecce skcriepuMeHTaTBHOM. pa3padoTKH TEXHOIOTUN (POPMOBAHHS MEINIKO-
3epHucTOro (hrudpodeToHa ObUIM OLIEHEHBI BapUAHTHl TOPU30HTAIBHO-, BEPTHUKAIBHO-
HAIPaBJICHHOT'0 U CMEIIaHHOr (Hanbosee 3P dHekTuBHOr0) BUOPUPOBAHHUS, & TAKKE
JUTHEBON TEXHOJIOTHH C HO3UIHUI (POPMUPOBAHUS €TO CTPYKTYPHI U CBOMCTB. YCTa-
HOBJIEH 3 (PEeKT «OpueHTAIMN» BOJOKOH (uOphl B oO0beMe OeToHa, hopMyeMoro ¢
MOMOIIIBIO OTHOHATIPABJICHHBIX KOJIEOAHUI MO OCH WX MPHIOKEHHUS, YTO COMPOBOXK-
JaeTcs MPOSIBICHUEM aHU30TPOIHH, KaKk B (DOPMHPOBAHUU CTPYKTYPHI, TaK U MPOU-
HOCTHBIX CBOWCTB (hrOpOOETOHA, U TIPUBOIUT K CHI)KCHHIO €ro KadecTBa. /loka3zaHo
NPEUMYIIECTBO JTUThEBOM TexHoJoruu (0e3BHOPAIMOHHON HAa OCHOBE «CaMOYILIOT-
HCHHS») OPMOBAHMS TOHKOCTEHHBIX KOHCTPYKIIMOHHBIX 3JICMEHTOB U3 GuOpodeTo-
Ha 32 CYET MCIOMB30BaHUs BHICOKOKAUYECTBEHHBIX TUIACTUPHUIIUPYIOMUX 100aBOK. B
paMKax MpOBEASCHHBIX YKCIIEPUMEHTOB ONpe/eieH Hanbonee 2 (HEeKTUBHBIN TIACTH-
¢dukatop («Sika Visco Crete — 20 HE Rus» — BoaHBIi pacTBOp MOIUGHUIIMPOBAHHBIX
MOJMKAPOOKCHIATOB), obecrieunBIInil 3QPeKT paBHOMEpPHOTo pachpeneicHus Gpuo-
pBI, M30TPOIHOCTh CBOWMCTB MaTepualia U JAOCTH)KCHHE MPOYHOCTH Ha PACTSHKCHHE
npuu3rude, MPEeBBIIIAIONICH MPOYHOCTh OETOHA MPHU HAJIOKEHUHM Pa3HOHAINPABIICH-
HBIX KOJICOAHMH, YTO SBUJIOCH OCHOBAHWEM ISl TabHEHINEro UCTIOIh30BaHUS JTUTh-
€BOI TexHOJIOruM (opMOBaHUs PUOPOOETOHA.

JUisl BBISIBIICHHS 3aKOHOMEPHOCTEH BIMSHHUS MHOTOKOMIIOHEHTHOTO COCTaBa Ha
MPOYHOCTH (PUOPOOETOHA MPUMEHEH METO]] MAaTEMaTHIECKOTO TNIAHUPOBAHUS IKCIIE-
puMmeHTa. PazpaboTaHa u MOATBEPKACHA YKCIIEPUMEHTATHFHO MaTeMaTHUECKasl 3aBH-
CHUMOCTB, BBIpQXCHHAsI ypPaBHEHUEM PETPECCHH, OTpa)kaloliasi B3aUMOCBS3b M B3aH-
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MO3aBUCHUMOCTD IPOYHOCTH MEJIKO3EPHUCTOr0 (hHOPOOETOHA Ha PACTIKCHHUE MPU H3-
rube (Y, MIIa) ot comepkaHusi €ro KOMIIOHEHTOB B 3aJaHHBIX YCIOBHSX IJIAHHPO-
BaHus dKcnepuMenTa: X; — ¢puodpa/uement (0,4...1,0 %), X, — «Bunnanac»/iieMeHT
(2...5 %), X3 — mnactudpukarop/uement (1...2 %), X, — ob1ee BOJIOIIEMEHTHOE OT-
nomenue (0,4...0,5). AnekBaTHOCTh YpaBHCHHMSI MOATBEPKIeHA KpuTeprueM Duiepa.

Y =11,543+0,532: X1 +0,417>X 2 +1136>X 3 +1164>X 4 + 2)
+0,819%X1 XX 3 +0,618%X1 XX 4 + 0,474 XX 2 XX 3 - 1,308%X 3 XX 4.

JIByxMepHbie nuarpammbl (PUCYHOK 2) 3aBUCUMOCTH MPOYHOCTH (puOpoOETOHA
Ha pacTsHKEHHE NpU U3ruOe OT cojep)kaHus runeprutactuduratopa «Sika.Visco
Crete — 20 HE Rus» (nmpu 30 % - off KOHIEHTpAIMH pacTBOpa) W OOINErO BOO-
IIEMEHTHOI'O OTHOIICHHS NP MUHUMAaNbHOM (a), cpennemM (0) U MakeuMaabLHOM (B)
conepkanuu Guoper «Ricem 8» u «BunHamaca» (1o CyxOMy BEIHECTBY) MOKa3bIBa-
IOT, YTO UCCIIEyeMbIii HHTEPBAJl BapbUPOBaHM KOMIIOHEHTOB OETOHHON cMecH TpU
3aMKCUPOBAaHHOM MOABMKHOCTH B nipenenax OK .= 15...25 ¢cm «BKiItoyaeT» 00J1acTh
ONTHMYMa, O YeM CBHUJICTEIBCTBYET HAJMYME TOUCK B3auMoTiepeceueHus (a u 0), win
HAXOJUTCS PAIAOM C Heit (B).

a) 6) B)
a
= 13 T 135 : 16
2 T~ T 105 2o | L=
o 12 ‘(N U:% . = 1.1'1
5= 1 X - 5= 1g i el Il R 2l
2y 11 3 e | T 12
TE 0 gz 198 i 'S /‘F‘/)/
TE - ZE 10
e 0= 9,5 - Py /J/
E= 9 17 E Z 85 j"( E= 8
22 g 5 Y LN
= ]
é T 125 15 175 2 = 1 1268 15 1758 2 §L 1 128 15 175 2
MNacTHHHEATOR/UEMENT, % MNACTHPMEATORUEMENHT, % MNacTHMKATOR/UEMEHT, %

—— (B/losu=040-042 == (B/losu=044-046  =0— (B/ljosu=045-0,50
a) = Gubpa/uement = 0,4%; «Bunnamnac» / nement = 2,0%;
6) —duodpa/uement = 0,7%; «Bunnamac» / nement = 3,5%;

B) — ®ubpa/uement = 1,0%; «Bunnamac» / nement = 5,0%

Pucynok 2 — 3aBUCHMOCTB MPOYHOCTH (prOPOOEeTOHA HA pacTsKeHHe MPHU U3rude
B IIpeJeJsiax yCJIOBHH IJIAHUPOBAHMUS IKCIIEPUMEHTA

Jns cocraBa 0eToHa ¢ MUHUMAbHBIM cojaepkanueM (GuoOpsl u «BuHHamaca»
(pucyHOK 2, a) 00nacTh onTUMyMa (WM SKCTpEMyMa) PacloIokKuiIach OIU3KO K OC-
HOBHOMY YPOBHIO BapbUpOBaHHs JABYX KOMIOHEHTOB: (B/I)osy ~ 0,44 u oTHOMLICHHE
«[Tnactudpukatop/uement» ~ 1,7 %, uto Gosiee HATTISAAHO AEMOHCTPUPYET OOBEMHAs
TpeXMepHas Juarpamma, rokazaHHasi Ha pUCYHKe 3, 10 KOTOPOH MOKHO OIpPENeIUTh
MyTH TIOBBIIICHHS MPOYHOCTH 70 MakcuManbHoro B 12,5 MIla wu Bapmantel Hanbo-
Jee HeOIArompusATHOTO COUETaHMs COACPKAHUIM BOJBI U TUIACTU(PUKATOPA, BEAYIIHE
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K CHH)KCHHIO TPOYHOCTH Ha pacTshkeHue npu u3rude a0 8,9 Mlla.

OueBuzneH 3¢dexT B3auMo-
3aBHCHMOCTH JIO3UPOBKHU IIJia-
ctudukatopa W OOIIEro BOJO-
[IEMEHTHOTO  OTHOIICHUS  Ha
MPOYHOCTHBIE TMOKa3aTenu (uod-
poOeToHa: MUHUMAIIBHBIN pac-
xon tiactudukaropa (1 %) tpe-
OyeT TOBBILIEHHOTO BOAOCO-
JepKaHWsI, COOTBETCTBEHHO MHU-
HUMAaJIbHOE ~ BOJOCOACPKAHHE
TpeOyeT HOTOTHUTESIBLHOTO BBE-
neHust mnactupukaropa (1o 2 %

OT MacChI IIEMEHTA).
Pl/lcyHOK 3 - TeH)IeHIII/Iﬂ N3MCHCHUSA l'lpO‘IHOCTI/I

¢udpoGeToHa HA pacTsKeHHe MPH U3ruode PesymbraThl HCCIENOBaHUH

B 3aBHCHMMOCTH OT €ro cOCTaBa MOJATBEPAWIM, C OJHOM CTOpO-

= %: =290
(Pubpa/uement = 0,4 % ; «Bunnanac»/uemenr = 2 %) HBI, IPAMYIO 3aBUCHMOCTb POCTA

npovYHOCTH (huOpoOETOHA HAa pACTSKEHHWE MPH M3THOE OT KOJIMYEeCTBa BBEICHHOU
¢bubpHI pU COOMIOACHUH YCIOBHSL KaU€CTBEHHOI'0 (DOPMOBAHUS U YIJIOTHEHUS (prd-
po6etonnoit cmecu ((B/11) o5 ~0;44-..0,50), 4To cOOTBETCTBOBAIO B KCIIEPUMEHTAX
HAaYaIBHOMY Bomocomepxkaunio 250...280 i ra 1 M° GpuOpoGeTOHa IPH TO3UPOBKE
wiactudukaropa 1,5...2,0%.0T Macchl lIeMEHTa), a ¢ APYrol CTOPOHBI, — CHHIKECHHE
MIPOYHOCTH, CBSI3aHHOE € HEJOYTIJIOTHEHUEM OETOHA U3-3a YXYAIIEeHUs (HOpMyeMOCTH
CMECH TP HEJOCTATOYHOM KOJHMYECTBE BOJBI M TUTACTU(UKATOPA TSI YBEIMUUBAIO-
mierocst coaeprxanus Gpuopwr B.6eToHe ((B/11)o5y ~ 0,40...0,42), 4TO COOTBETCTBOBAJIO
HauanpHOMY-Bogoconepkanmio 230...240 1 Ha 1 M> huOPOGETOHA TIPH TO3HPOBKE
mwractupukaropa 1,0 % or maccel neMenTa). [Ipu yBenrueHUN 00IIET0 BOAOIEMEHT-
HOT'0 OTHOIIICHHUS M pacxoja IuracTu(uKaTopa A0 ONTHMAIbHBIX BETUYHH CO3/IAl0TCS
yCIOBUS 111 (POPMUPOBAHUS CIMTHON CTPYKTYphl IEMEHTHOTO KaMHs U (pubdpodero-
Ha B IIeJIOM, OO€CIeunBaroIiell COBMECTHYIO «paboTy» OetoHa u (ubpel. B sTom
cllydae c-yBeJHYeHHeM cojepkanus Guopsl (pucyHOK 4) IPOYHOCTh Ha PACTSIKEHUE
pHU KU3rude pacTeT W JOCTHTaeT MAKCUMATbHBIX 3HAYCHUH B 3a/laHHBIX YCIOBHIX
TUIAHUPOBAaHUS SKCIIEPUMEHTA.

OreHka BiusiHUS aare3uBa «Bunuamac» (pucyHok 4) mokasbiBaeT ero 3¢ dek-
TUBHOCTh, BO3PACTAIOIIYIO C YBEJIMYCHUEM (B Mpeieiax ONTUMAIBHOT0) HAYalbHOTO
Bojiocoiepkanusi. C OJHOW CTOPOHBI, YIYUYIIAIOTCS YCIOBUS GOpMOBaHHS OETOHA, a
C APYro¥ — yBEIMUMBAIOIINECS «TOJIIUHBI» aICOPOIIMOHHBIX «IJIEHOK» BOJBI Ha TO-
BEPXHOCTH (UOPHI YXY/IIAIOT €€ CIEeIUICHHEe C IEMEHTHBIM KaMHeM. BBeneHue aj-
COpOIIMOHHOAKTHBHOTO BelecTBa «BUHHAMac», Ha HAIl B3I, CIIOCOOCTBYET YCH-
JICHHIO CBSI3€M MEXy TTOBEPXHOCTHIO (PUOPHI M 3aTBEPICBIINM [IEMEHTHBIM KaMHEM,
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yeM 00EeCITeYMBACTCSA WX COBMECTHAsl «paboTa» IMOoj HArpy3Kod W POCT NMPOYHOCTH
¢hubpobeToHa Ha pacTsHKEHUE MPU U3THOE.

PucyHnok 4 — 3aBucuMoCTbh NPOYHOCTH HA pacTa:KeHue Npu-u3rude ot coaepKaHus
¢puopHI B pa3HbIX ycaoBusx ¢popmyemocru o6eronnoii emecn (OK = 15...25 cm)

[TonyuenHoe ypaBHeHHE perpeccru(2) mo3BOIIWIO YCTAHOBUTH PAlIMOHAIBHBIC
cocTaBbl (puOpoOeToHa, obecrneunBaromne KauyecTBEHHOE (OPMOBAHUE CJIOEB TOJ-
muHOM 10 10 MM 10 JTUTHEBOM TEXHOJIOTHHU: B 4acTHOCTH, M1 TPaKTHYECKOTO BHE-
JIPEHHUST PEKOMECHIOBAH COCTaB C PACX0I0M KOMIIOHEHTOB Ha 1 M° GeTOHA: LIEMEHT —
560 kr, mecok — 1120 xr;. «BunHanac» = 28 kr, «Sika Visco Crete — 20 HE Rus» —
8,4 xr (2,8 kr B nepecueTe Ha CyXxo¢ BelecTBo), ¢pudpa — 5,6 xr, Boga — 268 kr mjs
JUTHhEeBOM TexHOJIOIMU hopmoBanust 0etona (OK = 21...23 cm). [Ipu nepeuncieHHbIX
yeaoBusiX U (B gy ~ 0,48.£.0,01 oGecneunBaeTcsi IPOYHOCTH MEJIKO3EPHUCTOTO
¢bubpobdeToHa HapacTsiskeHne Tipu u3ruoe B 14...16 MIla, uro 3HaUUTENBHO MPEBHI-
1aeT HOPMHUPYEMbIH ypoBeHb (He MeHee 7,5 MIIa) u mo3BoNIIET COOTBETCTBYIOIINM
o0pa3oM ', yMEHBbIIUTH TOJIIMHY CcJosi OeToHa. VYPOBEHb JpYrux (U3HKO-
MEXaHUYECKUX ~CBOWCTB HCCIICAYEMOTO MEIKO3epHUCTOTO (hrOpobdeToHa mpeio-
KEHHOTO cocTaBa cooTBeTcTBYeT TpeboBanusiM CTh 1374 — 2003, yTo 1mO3BOJIUT HUC-
M0JIB30BaTh €T0 JUISI OOJMIIOBKH HApYXHBIX MMOBEPXHOCTEH 3/IaHUN U COOPYIKECHHUM.

YeTBepTas riiaBa JUCcCEepPTAIlMU OTPa)KaeT MPOIECC M Pe3yabTaThl MCCIICI0BA-
HUH 110 pa3paboTKe TEXHOJIOTHH IIPECCOBAHUS, U3YUCHUIO CTPYKTYPhI U CBOMCTB JIeT-
Koro ¢puOpoOeTOHAa Ha 3alOJHUTEIC U3 aTIOMOCHIMKATHBIX MUKpocdep 3071 yHOca,
OpeIHA3HAYCHHOIO JIJII M3TOTOBJIICHHUS TOHKOCTCHHBIX KOHCTPYKIHMOHHBIX (MEHee
10 MM TOJIIHMHOMN) JEMEHTOB JIJISl HAPYXKHBIX (3AIIMTHO-IEKOPATHUBHBIX) CIIOECB OT-
PaXIarOLMX KOHCTPYKLIUH 31aHUHN.

Pa3zpaboTana TeopeTudeckas MOJEIb MPOYHOCTH 00O0JOUYKH CHEPhl B YCIOBHUAX
BCECTOPOHHETO CXKaTHs, BOSHUKAOIIIETO MPHU MPECCOBAHUH, aJICKBATHO OTpaKaroIast
B3aMMOCBSI3b MEXIY JACHCTBYIOIIMM YCHJIMEM TPECCOBAHUS M CBOWCTBAMH MHUKPO-
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cdep: MPOYHOCTHIO MaTepUaa UX CTEHOK (S ) ¥ OTHOIICHUEM TOJIIUHBI CTEHKU O
K BHEILIHEMY AuameTpy Mukpocdepsi D:

p, =25, An(1- 2x%)'1. (3)

JlokazaHa BO3MOXHOCTb HCITOJIb30BaHUSI XapaKTEPUCTUKU «IIPOYHOCTH MHUKPO-
chep npu CKATUU B MIJIMHAPE» B KAUECTBE BEPXHEHW IpaHUIIbl JaBICHUS TIPU Mpec-
coBaHUU OETOHA, MOPHU30BAHHOTO MUKpPOChEepaMu: sl TOJICTOCTEHHBIX MUKpochep —
¢ (hakTHYECKU MMEIOLIUMCS 3alacoM MPOYHOCTH; JJIi TOHKOCTEHHBIX MUKpochep = C
BBeJcHUEM Ko3(dUIlMeHTa 3anaca NPOYHOCTH. Y CTAaHOBJIEHO, YTO MPHU HCIOIL30Ba-
HUU aTIOMOCHJIMKATHBIX MUKpOc(ep B KaueCTBE 3allOJIHUTEIISI, BEpXHSS TPaHULIA pa-
0odero AaBiIeHUs MpeccoBaHus OcToHa (C 3amacoM MPOYHOCTH cdep) HAXOAMTCS B
npeaenax 15...28 Mlla; MuHuMansHOE J1aBJICHUE, KOTOPOE, 00EcIIeunBaeT. hopMupo-
BaHHE KAYECTBEHHOM CTPYKTYPHI YIUIOTHSIEMOro O€TOHA, OTpe/IesieHO- AKCIIepUMEH-
TaabHO U coctaiset 2,0...2,4 MIla.

Pa3paborana W moATBEp)KIE€HA HSKCIEPUMEHTAIHHO MaTeMaTH4yecKas 3aBHCH-
MOCTh B BHJIC€ YPaBHEHHS PETPECCHUM, OTPAXKAIOIAs B3aWMOCBSI3b M B3aUMO3aBHCH-
MOCTb MTPOYHOCTH MOPHU30BAHHOTO MUKpocthepamu GruOpoOETOHA HA pacTsHKEHUE TIPU
usruoe (Y, MIla) ot comepskanus ero KOMIIOHEHTOB (IT0 CyXOMY BEILECTBY) B 3a1aH-
HBIX YCJIOBHSX IUIAHUPOBaHHUS TpeX(paKTOpPHOro aKcriepuMenTa: X — pubpa/tiemeHt
(1...2 %), X; — «Bunnanac»/uement (6...10 %), X3 — 3amonaurens (MUKpocde-
pel)/tiement (33...99 %):

Y = 4,273+ 0,348%X .+ 0,35%K 5= 2,444 XX 5 +1,36 XX 2 - 0,21 XX 5. (4)

Jliist ocTanbHBIX (PaKTOPOB-COOIIOIaTN YCIOBUE X MOCTOSHCTBA, B YACTHOCTH,
00pa3ipl M3TOTABINUBANIM C- yIedbHBIM NaBicHHeM mpeccoBanus 3 MIla; B cocrtas
cMecu no0aBasum  cymeprutactiudukatop «Peramin FP» (SM®-10) B xonnyecTBe

0,5 % ot Mmaccel neMeHTa (o cyxomy
BEIIIECTBY); JKECTKOCTh OCTOHHOM cMe-
cH MOJIIEP>KUBAITH MTOCTOSTHHOU
(10...15 ¢), yTO, yunuTHIBas BaphbHUPOBa-
HUE CoJep)KaHus MHKpochep B Jo-
BOJILHO OOJIBIINX TPEJeNax, BhI3BIBAIIO
COOTBETCTBYIOIIIME HM3MEHEHHUS B pac-
XOJI€ BOJIBI.

Amnanus 3aBucumoctu (4), ajgeksart-
HOCTh KOTOPOU MOJATBEpIKIACHA KPUTEPH-

em @uriepa, Mokaszaja, 4TO TPeOYeMbIi
Pucynok 4 — Xapakrep nu3mMmeHeHust
npoyHocru pudpodeTrona
B 32aBHCHMOCTH OT COJiepkaHusl MUKpPochep
u puops («Bunnanac»/1=8 %) otHomienus 3/11 < 50 % (pucyHoxk 4) npu
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COOTBETCTBYIOIIEM pacxojie Gpudpsl u aaresuBa «BruHHamac».

Ha pucynke 5 moka3aHsl pe3yabTaThl 00pabOTKH JaHHBIX AYKCIIEPUMEHTATBHBIX
UCCIICIOBAaHMIA 3aBUCUMOCTH TIPOYHOCTH HA pacTshKeHHe nmpu u3rude (a) u yaapHou
Bs3KOCTH (0) OT 00IIEro BOAOIEMEHTHOIO OTHOLICHUS MPECCOBaHHOTO (udbpodeTo-
Ha, COJIepIKAIllero B COCTaBe Mo oTHoIIeHHIO K Macce nemenrta (100 %) cyxux kowm-
noHeHtoB: 33 % mukpochep, 1 % ¢bubpsri, 6 % nodasku «Bunnanac», 0,5 % cy-
neprutactudukatopa «Peramin FP». Koncuctennus ()keCTKOCTb) OETOHHBIX CMecei
3adukcupoBana B npenenax oT 10 no 30 c. [lonyyeHHble KBagpaTUUHbIE YpaBHEHHUS
perpeccuu afgekBaTHbl Ipu 95% -il 1OBEpUTENBHOM BEPOSTHOCTH.

a) 6)

Pucynok 5 — BzanMocBsI3b MeXk1y NPOYHOCTHLIMU XapaKkTepucTukamMu pudpodeTrona
¥ 00IIIMM BOJOIIEeMEHTHBIM OTHOIIEHHEM:'a) - MPOYHOCTh HA PaCTsXKeHHe NPH U3ruoe,
0) - yrapHasi BA3KOCTh

OueBuzieH 3GdEKT OIM3KOTO-COBMAICHUS IKCTPEMATIbHBIX 3HAUEHUI TPOYHOCT-
HBIX TIAPAMETPOB, KOTOPBIH XapaKTePH3yeTCs MAKCUMAIBbHOH (B 3THX IKCHCPUMECH-
Tax) MPOYHOCThIO Ha pacTskenue npu m3rube (7,5...8,4 MIla) npu  (B/I)oew ~
~0,4...0,5 4 MUHIMAIBHOM yaapHOil Bs3kocThio (750...1000 Jx/m?) mpu (B/LD)osw ~
~0,35.:.0,45. YcraHOBIIEH pa3HbIl XapakTep pa3pylIeHUss oOpa3lioB: CTPEMHTEIb-
HBIN, IO XPYNKOMY THITY, U «IUIACTUYHBIA» C BBITATHBaHHEM (PHOPHI U3 EMEHTHOU
MaTPUIIbI, IPUIEM «XPYITKAM>» pa3pylIieHuEeM XapakTepusyeTcst GuOopoOeTOoH ¢ BBICO-
KO CTaTMYECKOW M MUHHMAJIBHON yJapHOW MPOYHOCTHIO (BS3KOCTHIO). McciemoBa-
HUS «MexaHn3Ma» nedopMupoBaHus U paspyuieHus GuOpoOeToHa MO3BONIMINA 00b-
SICHUTB 3TH OCOOEHHOCTH «paloThI» (pubpobdeToHa MpH BO3AEHCTBUN CTATUYECKOU U
AMHAMHYECKON HArPy3KH.

Y CTaHOBIICHO, YTO JKECTKas CBsI3b (ClemieHne) GuoOpsl ¢ MaTpHIICH, CIIOCOOCT-
BYSl POCTY MPOYHOCTH (uOpoOEeTOHA, MPOTHBOJACHCTBYET YIPYTrOIUIACTHYECKUM Jie-
dbopMarusM BOJIOKHA 1O JUTMHE W TPUIAET Pa3pylIeHHuI0 OeToHa XPYNKUI XapakTep.
Perynupyst cBoiicTBa KOHTAKTHOM 30HBI «MaTPHUIA-BOJIOKHO» YBEIIMYCHHEM pacxoia
n00aBKU-aJIre3uBa WM MOJ00POM BOJIOIEMEHTHOTO OTHOIIEHUS (C IENBI0 YMEHB-
IICHUS CHJI CICIUICHHUS B KOHTAKTHOM 30HE), MOXXHO O0CCIICUUTh YCIOBHS Ui pac-
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TSOKEHUS GUOPBI ¥ YACTUYHOTO €€ «IPOCKAIB3BIBAHUS» 10 TIOBEPXHOCTH KOHTAKTa B
30HE 00pa30BaHUs TPEIIMHBI, YTO MPUIACT PAa3PYIICHUIO TJIACTHYHBIA XapakTep U
MOBBICHT yJIapHYIO BA3KOCTh. JIJIsl yka3aHHOTO BbIINIE cocTaBa (huOpoOeToHa OMNTH-
MabHbIM siBisieTcst (B/1) o6y ~ 0,50...0,55, mpu koTopoM Matepuan 00siagacT BbICO-
KHMH TIPOYHOCTHBIMU CBOMCTBAMH B COBOKYITHOCTH C IUTACTUYHBIM XapaKTepOM pa3-
pYLICHUS.

DOKCIEpUMEHTAIBHO OMpeJieSieH YpPOBEHb CBOUCTB (ubpobeToHa pPEeKOMEH-
IyeMOro BbIllle COCTaBa (Pacxoj KOMIIOHGHTOB HA 1 M° GeTOHa COCTABHII Le-
MeHT — 720 kr, mukpochepsl — 240 xr, «Bunnanac» — 43 kr, ¢ubpa — 7,2 kT,
«Peramin FP» — 3,6 kr; Boma — 360...380 kr), COOTBETCTBYIOIINA HOPMATHBHBIM M
00I11IeCTPOUTETHLHBIM TpeOOBaHUSM: BOJIOTIOIJIONIEHHE 110 Macce < 6...7 %, Mopo30-
cToiikocTh > 150 nukiioB; AehOpPMATHBHOCTH MPHU BOJIOHACHIIICHUH-BBICYIITHMBAHUU
0,1...0,08 % 6e3 00paboTKK OBEPXHOCTH TUPOGOOM3aTOPOM, KOIPHUIIMEHT Mapo-
nponuriaemoctd  0,08...0,09 wmr/(m-u-Ila), ko3 PUIUEHT ~ TEHIONPOBOIHOCTH
0,40...0,55 B1/(MXC), npoyHOCTh Ha pacTsbkeHue mpu u3ruobe 7,5...8,4 Mlla; npou-
HOCTb Ha cxkatue 27...28 Mlla; moxyne ymnpyroetu 10,0..:12,5 I'Tla, ynapHas Bs3-
kocth 1000...1900 I[)K/MZ, cpeansis mwioTHoeTh 1370...1420 kr/M°. Anamns «MK
CIIEKTPOB» psijia 00pa3lioB MOPHU30BAHHOIO MUKpochepamu pudpobeToHa oOHaApPY-
KW TIPUCYTCTBUE aMOPGHOTO KpeMHe3eMa M B ‘00pa3iiaxX, UCIIBITAHHBIX Ha MOPO30-
crorikocTh (rmocie 100 mukioB), W B 00pasiax, TBEPACBIINX B TCUCHUE rojia B HOP-
MaJIbHO-BIAKHOCTHEIX yenoBusX:t ~ (20 £°3).°C, | > 90 %, 4To CBHIETEILCTBYET O
MIPOJIOJDKEHUH TMpoIlecca FUAPATAIINY IIEMEHTA, BEAyIee K YIUIOTHCHHUIO U YIIPOYHe-
HUIO CTPYKTYPHI, H O AOCTATOYHOMN, JOJTOBEYHOCTH MOPU30BAHHOTO MUKpOChepamMu
¢budpobeToHa.

Pe3ynbTaThl. BEHIICIPUBEACHHBIX HCCICAOBAHMK 00€CIICUNBAIOT BO3MOXKHOCTD
IIEJICHANPABICHHOTO PEryIAPOBAaHUs yIPYro-aehopMaTHBHBIX CBONCTB MOPHU30BaH-
HOTO MUKpOchepamu 30J1. yHOca GuOpoOEeTOHA 32 CYET COOTBETCTBYIOIIEH KOPPEKTH-
POBKM™. €TO cocTaBa. B 3aBucHMMOCTH OT TpeOyemMoro KoOMIUICKCa (U3HKO-
MEXaHMYECKUX CBOWCTB pa3pabaThIBaeMbIil JIETKUH (UOPOOETOH MOMKET HCIOJIB30-
BaThCS KaK KOHCTPYKIIMOHHO-TCTUIOM3OJISIIMOHHBIA C TOBBIMICHHBIMH MTPOYHOCTHBI-
MU CBOMCTBAMY MJIM KaK KOHCTPYKIIMOHHBIN OCTOH C IMOHMW)KCHHOM TETUIOMPOBOTHO-
CTBIO.

B nsToli ri1aBe mpeacTaBICHBl KOHCTPYKITUU M TEXHOJIOTHH M3TOTOBJICHHS OJ1-
HOCJIOWHBIX MMPECCOBAHHBIX IUIUT U3 MMOPU30BAaHHOTO MUKpochepaMu GuOpoOETOHA |
MHOTOCJIOWHBIX MMaHEeJIeH ¢ HapY>KHBIM CJIOEM M3 MEJIKO3epHUCTOro pudpodeTona. Ha
OCHOBE aHaJIM3a HaIPSKEHHO-Ie(HOPMUPOBAHHOTO COCTOSHUS HM3EINi 000CHOBaH
BBIOOP MUHUMAJIBHBIX TOJIIIUH CJIOeB OeToHa. [IpUBOASATCS pe3ysbTaThl IMpPaKTHYEC-
CKOH peanu3aliiy pe3yJbTaTOB MCCIICOBAHNN M OI[CHKA SKOHOMHYECKOU 3(h(PeKTHB-
HOCTH.

Pa3zpaboTanbl U MpeIoKeHbl BApUAHThI KOHCTPYKTUBHBIX PEIICHUN OHOCIION-
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HBIX TUTUT, UMATHPYIOIIUX KHUPIHYHYIO KIIAJIKY, 0 KOTOPBIM M3TrOTOBJICHA OMBITHAS
napTusi IUIMT W3 TOPU30BaHHOTO MuUKpochepamu ¢uOpodbeToHa pazMepamu
520x430 MM, TommuHOW 10 MM (Oe3 yuera peOep KECTKOCTH) C YTOHYCHHUEM Ha
1...2 MM B MecTax, IMHTHPYIOIIUX IIBBI MEXAy Kupnuyamu. Ha ocHOBe aHaim3a
HANPSOKEHHO-AS(POPMUPOBAHHOTO COCTOSHUS OJJHOCTOWHOW TUTUTHI, UCTIBITHIBAIOIICH
HEOIaronpusITHOE COYETAHNE BETPOBOM HArpy3KH M JICHCTBHE COCPEIOTOUYCHHOM CH-
JI61, TIPUJIOKEHHOW TIO IEHTPY, JO0Ka3aHa BO3MOXXHOCTh YMEHBIICHUS TONIIUHBI W3-
nenust 10 6,5 M.

BrimonHeHs! vccnea0BaHus HANPSHKEHHO-1e(hOPMHUPOBAHHOTO COCTOSTHHS TPEX-
CJIOMHOW TaHeIH MPHU MEXaHHUYECKUX BO3JACUCTBUIX (B COYCTAHUU BETPOBOM, pPaBHO-
MEpPHO pacIlpee]ICHHOW, U COCPEOTOYCHHON HArpy30K) A/ TpHU TeMMCpPaTypHO-
BJIQKHOCTHOM BO3JCHCTBUM CpEIbl, PE3yIbTaThl KOTOPBIX: MOATBEPIMIIH. TOCTATOY-
HYIO TMPOYHOCTh U YKECTKOCTh HAPYKHOTO CIIOSI M3 MCEIEAYEMOTO - MEIKO3EPHUCTOTO
¢budpobdeTona tomuHOM B 6...10 Mm.

Pesynbrarel uccienoBaHuii, B BUAE pa3pa0OTaHHBIX COCTaBOB W TEXHOJOTHH
MEJIKO3EPHUCTHIX (PUOPOOETOHOB C YIYUIIEHHBIMH (PU3UKO-MEXaHUYECKUMHU CBOMCT-
BaMH, BHEAPEHBI B TEXHOJOTUYECKUI MPONECC MPOU3BOACTBA OOIUIIOBOYHBIX JIBYX-
CJIOMHBIX IUTUT U CTEHOBBIX TPEXCIONHBIX MaHeNleH (COHIBUY-TIAHEIICH ), POU3BOIH-
MbeIx Ha mpeanpusatud OO0 «CMUT-Xayce» (r.SIpreBo, CmoneHckas 007., PD).
DOxoHOMHYECKUH 3PHEKT 0T BHEAPEHUST HaydHBIX pa3zpaboTok coctaBui 1,80 mutH.
py6. (poc.) B nenax 2008 r.. ipu rogoBoM 00beMme Bbimycka 50000 M° CTCHOBBIX U
00sr1I0BOYHBIX maHenel. Ciydactuem aBropa pazpadortanbl TY 5284-005-70843705-
2008 «Ilanenu cteHoBbIe M (pacaaHble, 6eckapkacHble PUOPOOETOHHBIE C YTEIIUTE-
JIeM U3 TICHOMOJIUCTHPOJIa. TeXHUIESCKIE YCIOBUS».

[Mpennoxena KOHCTPYKUMSL M TEXHOJIOTHS M3TOTOBIICHUS CIOMCTON TaHEeINH, 3a-
nuiieHHas natearom Pecnybiuku benapych. OxugaeMbiil ro10BOM 3KOHOMUYECKHUI
s dekT 3a caer moBbIIeHUS d(PHEKTUBHOCTH TEXHOJIOTHYECKOro Mpoliecca, 1Mo JAaH-
HEIM- OO0 «CMUT-Xayc», moxer coctaButh 0,2 MITH. poc. pyOJien.

3AKJITIOYEHHUE

OcHOBHBIE HAaYYIHbIC PE3YyJIbTAThI JUCCEPTALIUHA

11Ipennoxena ycoBepIIeHCTBOBaHHAS MOJIEIIb I OIICHKU U TIPOTHO3WPOBAHUS
HAYaJIbHOTO MOJYJS YyHpPyroctu puOpoOeTOHa MPU M3BECTHBIX CBOMCTBaX MaTPHUIIbI
(6etona) u marepuana GuUOPHI, KOTOpasi yYUTHIBACT T€OMETPHUCSCKUE MApPaMETPhI BO-
JIOKOH (UOPHI U €€ 00BEMHOE COJIEP)KaHHUE, UTO MO3BOJISET OLICHUTh U3BMEHEHUS MO-
ayast ynpyroctd ¢pubpoOeroHa ¢ y4yeToM MOAYIbHOCTH (UOpPHI U BbIOpaTh Tpedye-
MBI MaTepwa JJisi TUCIEPCHOTO apMUPOBaHWs OETOHA Ha CTAaIWU TUTAHWPOBAHUS
sKkcriepuMenTos [1, 7, 8, 9].

2 IlpennosxeHa TeopeTHUecKasi MOJIEIb OIICHKH MPOYHOCTH ChepHueckoil 00o-
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JIOYKH B YCIIOBUSAX BCECTOPOHHEIO CXKAaTHS MpU (POPMOBAHUU U3JICTUN MPECCOBAHU-
€M, OTpaxkaromiash B3aUMOCBSI3b MEXKIY BO3HHKAIOIIMMH YCHUJIUSAMHU MPECCOBAHUSA U
CBOMCTBaMU MHUKpOc(hep: MPOYHOCTHIO MaTepuasa MX CTEHOK W OTHOIICHWEM TOJI-
IIMHBI CTCHKH O K BHEIIHEMY JAHaMeTpy MUKpochepbl D, 4To mo3BoIseT onpeaeuTh
MaKCHMajbHOE JaBJICHHE MPECCOBaHUS, MPHU KOTOPOM COXpaHSIETCS IEIOCTHOCTD
mukpochep. [Ipu s3ToM H0Ka3aHA BO3MOXXHOCTH MCTIOIB30BAHUS 3HAUYCHUS TOKa3aTe-
71 IPOYHOCTH MHKpOc(hep MpH CKATHH B MIJIMHIPE B KAUECTBE BEPXHETO MPECih-
HOTO JaBlieHUS TpeccoBaHus. s OeTOHA, MOPHU30BAHHOTO ATFOMOCHIMKATHBIMU
MuKpochepamu, 3HaYCHHsI paboUero JaBICHUS MPECCOBAHUS HAXOMSITCS COOTBETCT-
BEHHO MGy BEpXHEH rpaHMIICH, onpeaesseMon B npeaenax ot 15 go 28MIla (B
3aBHCHMOCTH OT MPOYHOCTH c(hep MPpH CAABIMBAHUU B HWIKHAPE) 1 MHUHUMAIbLHBIM
3HaueHueM ot 2,0 1o 2,4 MIla, obecriedynBaOINM IUIOTHYIO CTPYKTYPY-LIEMEHTHOT'O
tecta (kaMHs1) ¢popmyeMoro OeroHa. [l MPaKTUYECKOrO-TIPUMEHEHUS! PEKOMEH]I0-
BaHO pallMoHaJIbHOE 3HaYCHHE JaBjieHus npeccoanus 3 + 0,2 Mlla[6, 16, 17, 18].

3 Pa3paboTaHbl U TOATBEPKACHBI SKCIIEPUMEHTAIEHO MATEMATHUECKHUE 3aBUCH-
MOCTH (B BUJIC YPAaBHCHHI PErPECCUM) I pacdyera MPOYHOCTH MEIKO3EPHUCTOTO U
MOPU30BaHHOTO MHKpochepamu (GuOpOOESTOHOB, aIEKBATHO OTPaKAIOIIUE B3aUMO-
CBSI3b M B3aMMO3aBUCUMOCTH MPOYHOCTU Ha PACTSDKCHME MPH M3TUOE ATHX Pa3HOBUI-
HOCTell OETOHOB OT COJIEpKAHUS KOMIIOHEHTOB, UTO MO3BOJIMJIO YCTAHOBHTH HX pa-
[IMOHAJIbHBIE COCTaBbl, 0OecIeYnBaroIIre KaueCTBEHHOE (POPMOBAHHUE CIIOEB TOJIIIH-
Hoit < 10 MM TI0 TUTHEBOM TEXHONAOTHHU (MEIIKO3epHHUCTHIN (hHOPOOETOH) U MpeccoBa-
HueM (mopu30BaHHBIM MHKpochepaMu. 3071 yHoca ¢GuOpoOeToH), u (U3HKO-
MEXaHUYECKHUE CBOMCTBA, ITPCBBIMIAIONINE YPOBCHh HOPMATUBHBIX TPEOOBaHUH K 3a-
IIMTHBIM CJIOSIM O€TOHAa-OTpaXkIaoINX KOHCTpyKiuii [7, 13, 14, 15].

4 Tlonyunni pa3BUTHE. IPESACTABICHHUS O MeXaHU3Me Ne(OpMHUPOBAHHS U pa3-
pyuierus: ¢pubpoOeToHa, AUCIEPCHO-APMHUPOBAHHOTO CHUHTETUYECKONW BOJOKOHHOM
bubpoH, XapaKTeprU3yIOMICHCs 3HAUYNTEIIbHBIMY IUIACTUYCCKUMH JIe(popMaIusMu pu
pacTspkeHuH. [ 3TOTO ciiydas BBISBIEHBI OCOOCHHOCTH Pa3BUTHS MaruCTPalbHOM
TpEeUIuHbI, BO3HUKatolel B ¢uOpoOeToHe 1o eicTBUEM u3rudarolieii oopaser Ha-
I'PY3KH, B 3aBUCUMOCTH OT CBOMCTB IIEMEHTHON MaTpuIlbl, (GUOPBI M COCTOSIHUS KOH-
TaKTHBIX 30H MEXIy HUMHU (KauecTBa CLEIJICHHS). Y CTAHOBIICHO, YTO JKECTKAsl CBA3b
(cuemeHue) ¢GuOpH ¢ MaTPUIICH, CHOCOOCTBYS POCTY MPOYHOCTH (GHOpPOOETOHA,
MPOTHUBOJCHCTBYET YNPYTOIIACTHYCCKUM JepopMaIiisM BOJIOKHA IO JUTHHE W TIPH-
JaeT pa3pyleHno OETOHa XPYNKUM xapakTep; Tako GpuopoOdeToH obagaeT MaKCcu-
MaJbHOM MPOYHOCTBIO HA PACTSHKEHHUE NPU M3THOC M HHU3KOW yJIapHOW BS3KOCTHIO.
Perymupys cBoiicTBa KOHTAaKTHOW 30HBI «MaTPHIIa-BOJOKHO», HAIIPUMEDP, U3MCHCHH-
eM pacxona Jo0aBKU-aJIre3UBa MJIM MOJ00POM BOJOIIEMEHTHOTO OTHOIIEHUs (C 11e-
JIbI0 YMEHBIIICHUS CHJI CICIUICHUS B KOHTAKTHOW 30HE), MOKHO 00ECIICYHUTh YCIOBHUS
JUTSL pacTsoKeHUsT GUOPHI U3-3a 3P deKTa «IpoCKaIb3bIBAaHUSI» TI0 MIOBEPXHOCTH KOH-
TaKTa B 30HC BOZHMKHOBEHUS TPEIIUHBI, UTO MPHUIACT PA3pPYHICHUIO TUTACTHYHBIN Xa-
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paKkTep U CIOCOOCTBYET POCTY CONpOTHBICHUS (HuOpodeToHa nuHaMudeckuM (yaap-
HBIM) Bo3zekcTBHsIM [2 —5, 12, 18].

5 Pe3ynbTaToM TEOPETHYECKUX U IKCIEPUMEHTATBHBIX MCCIICTOBAHUN SIBUIHCH
JUTHhEBasl TEXHOJOTHSA MEIKO3epPHUCTOro (IIeMEHTHO-MecYaHoro) ¢uopodeToHa |
TEXHOJIOTHSI MIPECCOBAHUS MOPHU30BAHHOIO MHKpochepamu (T. €. ¢ MPUMECHEHUEM B
KauyeCTBE 3aIOJHUTENT MUKpochep 307-yHoca) (huOpoOeToHa, 0O0CCICUnBIINE BO3-
MOYKHOCTh M3TOTOBJICHHSI TOHKOCTCHHBIX HapYXHBIX 3alllMTHBIX ((hacalHbIX) CIIOCB
tonmmuHON 6,5...10 MM 11711 MHOTOCIIOMHBIX KOHCTPYKIIMA HapYKHBIX CTEH 3a CYET
MOBBIICHUST (U3UKO-MEXaHUUECKHUX CBOMCTB (prOpoOETOHA, B YaCTHOCTH, MPOYHO-
CTH Ha pacTshKeHue Npu u3rude MenkoszepHucroro ¢pubdbpobdberona no 14...16 Mlla
npu HopMatuBHo# 7,5 MIla [7, 15, 18, 19].

6 BeimonHeHa OMBITHO-IPOMBIIUICHHAS W TPOM3BOACTBCHHAS anpobamus pe-
3yJIBTATOB AMCCEPTAIIMOHHOTO MCCIIEIOBAHMS, TIOITBEPANBIIAs BEICOKUI YPOBEHD UX
TEXHOJIOTHYECKON pa3paboTku (B BHIE ACHCTBYIOMIEFO MPOU3BOACTBA MHOTOCIION-
HBIX HApPYKHBIX CTCHOBBIX MaHEJICH) U YKOHOMHUUECKY0 3 ()EeKTUBHOCTS.

Pexomenganuu no NMPAKTHY€CKOMY HCITI0Jb30BAHHUIO PE3YJIbTATOB

TeopeTndeckne M SKCIEPUMCHTAIbHO-TIPAKTHYCCKUE PE3YNIbTaThl HCCIICI0BA-
HUH JUCCEPTAIMHA PEKOMEHYETCSL ICTIOb30BATh;

— pa3paboTaHHbIC COCTABLI M TEXHOJOTHU TIOJYYCHHUS MEIKO3EPHUCTOTO U II0-
pu3zoBaHHOTO MHKpochepamu GuOpoOeToHa — TIPHU IMPOU3BOACTBE CTECHOBBIX TPEX-
CJIOMHBIX TIaHEICH W OOJUITOBOYHBIX IJIUT HAPYKHBIX CTCHOBBIX KOHCTPYKIIUH C IIe-
JBI0 CHIDKEHHUS WX MACChl M TIOBBIMCHUS YKCIUTYaTaI[AOHHONW HAJEKHOCTH U JIOJITO-
BEYHOCTH;

— pa3paboTaHHYI KOHCTPYKITUIO M TEXHOJIOTHIO M3TOTOBJICHUS CIIOMCTOM TaHe-
JI¥, Ha KOTOphIe moJiyueH nateHT Pecryonuku benapycs [19] u cipaBka 0 BO3MOX-
HOCTH HIPAKTHYECKOTO MCIIOJIb30BAaHUS C 0KHMIaEMBIM TOJOBBIM SKOHOMHYECCKUM (-
dbextom B 0,2 MitH.-poc. py6reit mo ganaeiM OO0 «CMHUT-Xayc» — nj1s opraHusa-
MU COOTBETCTBYIOIIETO MPOU3BOJICTBA CTPOUTEIILHON OoTpacibio benapycu;

— TEOPETHUYECKHE 3aBUCUMOCTH I10 OIPEACIICHUIO TTPEACIBHOTO YCHITUS TIPeCcCco-
BaHHUS JIIOPU30BAHHOTO MUKpOc(hepaMu O€TOHA — B TEXHOJIOTHU U3TOTOBIICHUS HCKYC-
CTBEHHBIX MUKpoOchep 1T 000CHOBAHUSA ¥ MOTHBHPOBAHHOTO BBEIOOpA MX F€OMETpPH-
YECKUX MapaMeTPOB C YUYETOM MPOYHOCTHBIX CBOWCTB MaTepraja CTCHOK;

— pa3paborannabie ¢ ydactueMm aBTopa TY 5284-005-70843705-2008 «Ilanenu
cTeHOBbIE U ¢acanHble OeckapkacHbie (UOPOOETOHHBIE C YTEIJIUTEIEM M3 TMEHOIIO-
aucTupona. TeXHUYECKHe YCIOBUSA» — MpHU pa3paboTke coorBercTByromux THITA
JUTSI CTPOMTENIEHOM oTpaciu benapycw.
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P33IOMD
Jleanosiu Iprina AHaTonbeyHa
Taxnasoris, cTpykTypa i yaacuiBacui ApodHa3spHicTara
| mapbI3aBaHara mikpacdepami noneay ynoca ¢iopaderony

KiawuaBbiss ci0BbI: 1poOHa3sIpHICTE (PiOpadeToH, mapwizaBanbl GiOpadeToH,
aloMacuUIiKaTHBI Mikpacdepsl, apranigyHas ¢(iOpa, IICK mpacaBaHHs, MOAYJb
MpyTKacili, TphIBajIacilb, JayraBeyHacllb, aOJI1II0BaYHbIS MTAHAJII.

MbTa mpanbl: pacnpanaBailb TIXHAJIOTIIO aTpbIMaHHS JpoOHa3sipHicTAra 1
napei3aBaHara Mikpachepami ¢iOpadeToHy 3 mnaTpI0HBIMI  (Pi3ika-MeXaHIUHBIMI
ynacuiBacisiMi 1 TPXHAJOTil BbIpa0y TAHKACUEHHBIX KaHCTPYKIBIMHBIX “(hacaTHbIX
AJIIEMEHTAY 3 SIr0 MPBIMSIHEHHEM.

A0’'eKkT [acjeqaBaHHAY. IPMEHTHbIA (H1OpaOETOHbl 3 JPOOHA3SIPHICTHIMI
3anayHsUTbHIKaMi IIYbUIbHAN 1 Tapbl3aBaHal CTPYKTYPHI.

IlpaameT nacjexaBaHHAY. CTPYKTypa i yAaciiBacii. ApoOHa3spHIcTara i
napei3aBaHara mikpacgepami gpidpadeTony:

VY BBIHIKY T?apATHIUHBIX 1 SKCHEPHIMEHTATBHBIX AACJICIaBaHHIY pacipaliaBaHbl
TIXHAJIOTISA JIilI  JpoOHa3sipHicTara . (IPMeHTHa—TIIscYaHara) ¢iOpadeTtoHy 1
THOXHAJIOTIS] ~ MpacaBaHHs  Mapbi3aBaHara Mikpacdepami  piOpaderoHy, — SKis
3a0screyubull  MardybIMacllb  YCTPONCTBA ¢ TAHKACIIEHHBIX BOHKAaBbIX  aXOVHBIX
(bacamupix) crmaéy TtaymupHér y 6,5...10 MM mnpel BbIpaOe IIMAaTCIOHHBIX
KaHCTPYKIIbIH BOHKABBIX CLIEH, Y ThIM JIIKY TIa aTpbIMaHaMy MATIHTY.

[IpananaBaHa yaacKkaHaneHas MaadJib JUJIs allPHKI 1 IparHa3zaBaHHs NayaTKoBara
MOJYyJIE TpyrKaciy~ GpiopabeTOHy; Tl ap3ThlyHAs MaJdib alPHKI TpbIBaJacIli
chepriuHail abaJIOHKI Ba yMoBax ycebakoBara CIiCKaHHS TIpbl (hapMaBaHHI BbIpaday
IpacaBaHHEM; . paclpaldBadbl 1 MalBEP/KaHbl dKCIEPbIMEHTATbHA MAaT3MATHIYHbBIS
3ajekHaci (y BBINIAA3E VpayHEHHSAY parpacil) Juis  pasiiky —TphIBajaciii
npoOHasspHicTara 1 mapbI3aBaHara Mikpachepami ¢iOpabeToHy, sKis aJdKBaTHA
aJUTIOCTPOYBAIOL b y3a€MacyBs3b 1 Y3aemMa3alieKHACllb TpbIBaJacli Ha PaCLSKIHHE
Ipbl BBINOE-TATHIX pa3HaBigHAcLEld OeToHay aja 3MecTy KaMIlaHeHTay. ATpbIMali
pa3Biue, ysayiaeHHi ad mexaHidmMe JddapmaBaHHA 1 pa30oypsHHs (iOpabeToHy 1
BbI3HAYaHbl YMOBBI, MPbl SKIX MOXKHA HaJalb pa30ypIHHIO IUIACTHIYHBI XapakTap,
mrTo 3abscnedsib  ycToimiBacip (piOpaberoHy na apiHAMIYHBIX — (YIapHBIX)
Y3I3€AHHAY.

Brikanana nocnenHa-mpambiciioBass 1 BbITBOpuas —ampabarlbisi — BbIHIKAY
AplcepTalplifHara JaciefiaBaHHs, sKas MalBepA3lia BbICOKI  Y3pOBEHb  1X
TOXHAJAariyHai pacnparoyki (y BbIMISA3€C JI3€HHIYaIOYail BBITBOPYACII MIMATCIION-
HBIX BOHKABBIX CIICHABBIX MAHAJIAY) 1 9KaHAMIUHYIO 3()EKThIYHACIID.
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PE3IOME
JleonoBuu Mpuna AHaToabeBHA
TexHo10rus, CTPYKTYpPa U CBOMCTBA MEJIKO3EPHUCTOI0 U
NMOPHU30BAHHOI0 MUKpPOcepaMu 301 YHOca GudpodeToHA

KiioueBble cjioBa: MeNKO3epHUCTHIN (HrOpoOETOH, mopu3oBaHHbBIN (HrOpoOe-
TOH, AJIFOMOCHJIMKATHBIE MUKpochephl, oprannueckas ¢udpa, JaBICHHE MPECCOBa-
HUS, MOAYJb YIIPYTrOCTH, IPOYHOCTD, JOJITOBEUYHOCTh, OOIUIIOBOYHBIC TAHEIIH.

Iean padboThl — pa3paboTaTh TEXHOJOTHIO MOTYYCHHUS MEIKO3EPHUCTOTO M 110~
puszoBaHHOTO MUKpochepamu GubpodeToHa ¢ TpeOyeMbIMU (PU3UKO-MEXaHUHECKUMU
CBOMCTBAMHU M TEXHOJIOTUH WU3TOTOBJICHUS TOHKOCTCHHBIX KOHCTPYKIIMOHHBIX (aca-
HBIX JIEMEHTOB C €0 IPUMCHCHHUEM.

OO0beKT uccjIeoBaHUN — IIEMEHTHBIE (PHOPOOCTOHBI ¢ MEIIKO3EPHHUCTHIMU 3a-
TIOJIHUTEJISIMU TUIOTHON M TIOPU30BAHHOU CTPYKTYPBI.

IIpeameT ucciaen0BaHuii - CTPYKTypa U CBOHCTBA MEJIKO3EPHUCTOTO U MTOPU30-
BaHHOTO MUKpochepamu pudpodeToHa.

B pe3ynbraTte TEOpETHUYCCKUX M IKCITEPUMEHTAIBHBIX HCCIICIOBAaHUN pa3pado-
TaHbI JINTHEBAsE TEXHOJIOTHS MEJIKO3EPHUCTOro (IIEeMEHTHO-TIecuaHoro) ¢pudopodeToHa
Y TEXHOJIOTHS TIPECCOBaHUS MOPU30BaHHOTO Mukpochepamu 301 yHoca pudpodero-
Ha, 00ECIeYUBIITNE BO3MOXKHOCTh. YCTPOUCTBA TOHKOCTCHHBIX HAPYKHBIX 3aIIUTHBIX
(bacagubix) ciaoeB TonmuHOM 6,5...10 MM MpH U3rOTOBJICHHMH MHOTOCIOMHBIX KOH-
CTPYKIIMH HAPY>KHBIX CTCH, B TOM YHUCJIC TO TIOJyYCHHOMY TTaTCHTY.

[TpenmoskeHa yCOBEPIICHCTBOBAHHAS MOJCID IS OICHKH M TIPOTHO3UPOBAHHMS
HAYaJIbHOTO MOAYJs, ‘yIpyrocTd ¢GuoOpoOeToHa; TeopeTHYecKas MOJEIb OICHKU
MIPOYHOCTH CHEPUICCKOi 000IOUYKH B YCIOBUSAX BCECTOPOHHETO CXKATHSA MpHU (hopmo-
BaHWU W3CIIHM -HPECCOBAHUEM; pa3pabOTaHbl U MOATBEPKICHBI IKCIIEPUMEHTATBHO
MaTeMaTHYECKHE 3aBUCUMOCTH (B BU/IC YPaBHEHUI PETPECCHM) I pacyeTa MPOYHO-
CTH MEJIKO3CPHHUCTOIO, U MIOPU30BAHHOTO MHKpochepamu (huOpoOeToHa, aaeKBaTHO
OTpakarolue B3aWMOCBSI3b W B3aMMO3aBUCHMOCTh MPOYHOCTH Ha PACTSHKCHHUE TPHU
U3ru0e STUX~Pa3HOBHJIHOCTCH OCTOHOB OT COACp)KaHUS KOMITOHEHTOB. [lomydwmm
pa3BHUTHE MPEACTABICHUS O MEXaHU3Me Je(hOPMHUPOBAHUS U paspylicHus Guopoode-
TOHA W OMPEHACIICHbI YCIOBHS, IPH KOTOPBIX MOXKHO MPUJIATh Pa3pyIICHUIO IIACTHY-
HBI XapakTep, YTO OOecCleYynBaeT yCTOMYUBOCTh (PUOPOOCTOHA K AMHAMUYCCKUM
(Y1apHBIM) BO3/ICHCTBHUSM.

BrITIoJIHEHa ONBITHO-TIPOMBIIIVICHHAS W MTPOU3BOCTBEHHAS anpoOaIus pe3yiib-
TATOB JIMCCEPTAIIMOHHOTO WCCIICIOBAHUS, IMOATBEPIUBINAS BBICOKUH YpOBEHb HX
TEXHOJIOTMUECKON pa3paboTku (B BHIC ACHCTBYIOMIEIO MPOU3BOJACTBA MHOTOCIION-
HBIX HAPY)KHBIX CTCHOBBIX MAHEJICH) U 9KOHOMUYECKYIO 3D (PEKTUBHOCTb.
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SUMMARY
Leonovich Irina Anatolyevna

Technology, structure and properties of fine-grained and
pored with the fly-ashes micr ospher es fibr ous concr etes

Key words: fine-grained fibrous concrete, pored fibrous concrete, aluminosili-
cate microspheres, organic fibre, molding pressure, coefficient of elasticity, strength;
durability, cladding panels.

The goal of the research is to develop the technology of fabricating fine-
grained and pored with microspheres fibrous concretes with desired physical and me-
chanical properties, and to apply this technology in producing thin-walled structural
elements of exterior building envelope.

The object of the research is the cement fine-grained fibrous concrete with
dense (compact) and porous structure.

The subject of the research is the structure and properties of fine-grained and
pored with microspheres fibrous concretes:

Theoretical and experimental analyses helped to work out a technology of fine-
grained (sand—cement) fibrous concrete:molding, and pored with the fly-ashes micro-
spheres fibrous concrete molding technology. - The results of the research enabled set-
ting thin-wall exterior protective (front) layers‘with the thickness of 6,5...10 mm
when manufacturing multilayer structures of exterior walls, including those under the
patent granted.

An improved model for estimating and predicting the initial coefficient of fi-
brous concrete elasticity was~proposed. The theoretical model for assessing the
strength of spherical shells under uniform compression while forming the product by
molding was worked out..Mathematical relationships (in the form of regression equa-
tions) for calculating the strength of fine-grained and pored with microspheres fibrous
concretes 'were developed and experimentally confirmed; these relationships ade-
guately-expressthe correlation and interrelation between the defined concretes' bend
tension strength and components’ contents. A concept of the fibrous concrete defor-
mation and destruction mechanism was developed just as were defined the conditions
under which'it is possible to make the destruction more flexible, which ensures the
stability of fibrous concrete to dynamic (percussion) influence.

Pilot production and manufacturing testing of the dissertation research results
were completed, confirming the high level of their technological development (in the
form of the existing multi-layer exterior wall panels manufacturing) and economic
efficiency.
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